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We have studied the relationship between the structure seen in measured distribution functions 
and the detailed magnetospheric configuration. Results from our recent studies using time- 
dependent large-scale kinetic (LSK) calculations are used to infer the sources of the ions in the 
velocity distribution functions measured by a single spacecraft (Geotail). Our results strongly 
indicate that the different ion sources and acceleration mechanisms producing a measured 
distribution function can explain this structure. Moreover, individual structures within 
distribution functions were traced back to single sources. We also examined the intrinsic 
variability of the magnetotail during quiet and steady solar wind conditions and found that the 
magnetotail possess an intrinsic variability caused by the non-adiabatic acceleration and loss of 
current-carrying ions from the magnetotail current sheet. 

A. Ion Sources and Acceleration Mechanisms Leading to Observed Distribution Functions 

Distribution functions observed by the Geotail spacecraft on May 23, 1995, on February 9, 1995, 
and on November 24, 1996 were investigated by using a time-dependent large scale kinetic 
model to investigate the sources and the acceleration mechanisms of the particles. Time 
dependent magnetic and electric fields were obtained from global magnetohydrodynamic (MHD) 
simulations of the magnetosphere driven by solar wind input indicated by Wind spacecraft 
measurements. These measurements provided the solar wind density, magnetic field, pressure, 
and velocity for the interval preceding the measurement of the local distribution functions. Ions 
were initially distributed at the location of Geotail according to the phase space densities 
measured by Geotail. They were followed backward in time through the MHD simulations’ 
fields, which were also regressed in time, until they reached a magnetospheric boundary 
(magnetopause or ionosphere). A brief summary of the results of our calculations follows. 

May 23. 1995 Event 

1. Three sources of the high latitude ionosphere, the plasma mantle (with both a distant tai and a 
near-Earth tail segment, and the low latitude boundary layer (LLBL), contributed 
significantly to the equatorial ion population. 

2. Most ionospheric particles were adiabatic and reached Geotail directly along field lines 
without mirror bouncing. 




3. Low latitude boundary layer ions reached the Geotail location by convecting earthward from 
the dawnward flank of the magnetosphere adiabatic motion dominating. They primarily 
occupied the low energy part of the distribution. 

4. Investigation of mantle ion trajectories indicate that they originated from two distinct 
populations. The first population consisted of adiabatic ions from the near-Earth plasma 
mantle, and the other population originated form the distant mantle. These ions had interacted 
strongly with the thin current sheet tailward of Geotail and experienced nonadiabatic (k < 1) 
acceleration and substantial energization. The second ion population supplied the bulk of the 
higher energy ions in the distribution. 

5. There was a one-to-one correspondence between each of the structures in the low energy part 
of the Geotail distribution and a specific particle source. 

6. Different source regions and acceleration mechanisms acting in the tail are responsible for the 
structure in the distribution function. 

7. The structures at high energies results mainly from nonadiabatic behavior. 


February 9. 1995 Event 

Despite the quiet solar wind conditions observed on February 9, 1995, there were significant 
changes in distribution functions at Geotail between 1300 UT and 1400 UT. We modeled these 
changes with the MHD/LSK model as described above, with the following results. 

1. At 1310 UT, all of the ions measured by Geotail originated from the duskside LLBL, from a 
narrow strip (in y and z) along the magnetopause. Because the magnetotail was twisted by the 
IMF By component, the current sheet is increasingly tilted out of the z = 0 plane at locations 
further down the tail. Therefore, while the location of the duskside LLBL source was close to 
the equatorial plane near the Earth, it increased steadily in z downtail. The particles followed 
guiding center orbits and were adiabatic. Counter-streaming ions seen in the distribution were 
due to mirror bouncing in the region around midnight, earthward of Geotail. 

2. At 1325 UT, Geotail was entering a region of closed field lines. At that time ions from the 
dawnside LLBL gained access to the vicinity of Geotail. The LLBL ions had originated from 
broad regions in z centered on the equatorial plane. Most of them at this point experienced 
nonadiabatic acceleration. The duskside magnetopause remained the dominant source of ions 
during this time period. Unlike the previous time interval, ionospheric particles had 
contributed only a small fraction (1 %) of the particles measured by Geotail. 

3. At 1347 UT, Geotail was embedded in closed field lines. During this time interval the 
dawnside replaced the duskside LLBL as the dominant source of ions. The particles’ 
behavior during this interval was characterized by multiple nonadiabatic current sheet 
crossings prior to their dawnward drift to Geotail. 



4. Time dependent MHD/LSK calculations were found to be helpful in explaining the physical 
processes leading to observed distribution functions. 

November 24. 1996 Event 

In contrast to the previous cases, this case examined the evolution of ion distribution functions 

during a magnetospheric substorm. During this day. Geotail progressed from the southern 

PSBL/lobe to the northern PSBL/lobe during the growth and expansion phases of the substorm, 

giving us the opportunity to examine the sources for plasma sheet ion distributions in detail. 

We found the following results. 

1. The Geotail spacecraft is positioned in the southern PSBL at the start of the interval 
examined. The rotation of the current sheet in response to the IMF and the changes 
associated with the onset of the expansion phase cause a gradual shift in the spacecraft’s 
location, such that Geotail is found to be in the northern PSBL and lobe at the end of the 
interval examined. 

2. Early in the growth phase, the Geotail ion distributions are dominated by ions from the 
LLBL. As the substorm progresses, contributions from the plasma mantle increase 
significantly. The reconfiguration of the magnetosphere during the expansion phase causes 
LLBL ions to lose access to the spacecraft location, and the mantle source (from both 
hemispheres) becomes dominant. 

3. The ionosphere does not make a significant contribution to the Geotail distributions during 
this substorm, despite a five-fold increase in the number of ionospheric ions reaching Geotail 
between the growth and expansion phases of the substorm. 

4. During the expansion phase, plasma mantle ions reaching Geotail do so by two different 
entry mechanisms. The first population enters in the near-Earth (-30 /?£■ < x < -50 Rjt) 

mantle during a period of high-latitude reconnection preceding the substorm growth phase. 
Ions from this mantle source reach Geotail approximately two hours after entering the 
magnetosphere. The southward turning of the IMF at 0725 UT causes the reconnection 
region to shift to the dayside subsolar magnetopause. Mantle ions from the distant (-70 /?£ < 
x < -100 /?£■) mantle source enter on open field lines in the manner traditionally identified 
with the plasma mantle. 


B. Intrinsic variability of the magnetotail 

We used a two-dimensional, self-consistent large-scale kinetic model of the magnetotail to 
investigate magnetotail equilibria under steady solar wind conditions. Our goal was to 
investigate the intrinsic variability of the magnetotail in the absence of external driving. By 
carrying out a parameter search over the convection electric field and particle influx ito the tail, 
we found that the rapid non-adiabatic acceleration and lateral loss of current-carrying ions from 
the magnetotail current sheet results in a quasi-steady state in which the X-line in the tail 
oscillates between x = 40 RE and X = 60 RE downtail. An increase in the cross-tail electric field 
decreases the period of oscillations, while an increase in particle influx causes the amplitude of 
oscillations to diminish. Results from the model show very good agreement with spacecraft 
observations of magnetotail ion flows originating near the X-line. 
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